An SIT vidicon system has been built for use in spectroscopy and direct imaging. The SIT is operated in an integrating mode with a slow-scan readout. The pixel format is optiminized for the particular application, being 128 X 512 pixels for spectra and 256 X 256 pixels for direct frames. A scan converter allows immediate viewing of the data.
I. Introduction
The SIT vidicon TV camera has proved to be a useful detector for astronomical applications where high sensitivity and two-dimensional capability are needed (see e.g., Westphal (1973) and Westphal and Kristian (1976) ). A system which uses a SIT vidicon for both spectroscopy and direct imaging has been built for the Palomar 1.5-m telescope. This instrument is based extensively on the Digital SIT Spectrograph developed by James E. Gunn for the Hale 5-m telescope. It is intended for general use by observers.
The SIT is operated in an integrating mode in which an image is allowed to accumulate on the target, much like exposing a photographic plate. The final image is read out in a slow-scan mode, digitized, and stored on magnetic tape. A scan converter allows immediate viewing of a digitized frame. For direct imaging a pixel format of 256 X 256 is used; for spectroscopy the format is changed to 128 X 512 pixels, with the 512 pixels being in the wavelength direction.
A novel feature has been the provision for the addition of a TV acquisition viewer which shares the scan converter with the SIT camera. The viewer is used with the spectrograph for acquiring objects, positioning them on the slit, and guiding on long exposures. Since the scan converter is not needed by the spectrograph when the viewer is operating and vice versa, both devices can be used simultaneously. The viewer is currently under construction.
II. Electronics
A block diagram of the SIT system is shown in Fig-0 Operated jointly by the Carnegie Institution of Washington and the California Institute of Technology. ure 1. The major components are briefly as follows:
A. SIT CAMERA Separate dry-ice cold boxes house individual SIT vidicons (type RCA 4804) for direct and spectroscopic applications. The spectrograph vidicon is equipped with a UV-transmitting fiber-optic faceplate for enhanced blue response. Also, the spectrograph cold box is specially built to contain the final camera optics for the spectrograph.
B. CAMERA ELECTRONICS This section provides the usual deflection, focus, filament, and grid voltages to operate the SIT camera and the video amplifiers and digitizer. For stability these electronics are contained in a temperature-controlled box. The pixel format is changed by throwing two switches and readjusting the sweep voltage controls. A controller for the high voltage supply is used to turn off the high voltage during a frame readout.
C. SCAN CONVERTER After readout a digitized frame is stored in a 65,536 X 12 bit memory. The data are converted to a standard TV signal and displayed on a monitor. Only 6 adjacent bits out of a 12 bit word (selectable by a thumbwheel) are used to form this signal. A cursor with an LED readout can be used to display the contents of any word in the memory.
When the TV viewer is operating, the memory is divided into two independent 65,536 X 6 bit segments. While one segment is being displayed, the other is updated with a new frame from the TV viewer camera. In this mode the cursor is useful for guiding on offset stars.
D. CAMERA CONTROL This section provides pushbutton control of the various functions of the SIT system. In normal operation a complete exposure cycle is 394 performed automatically, including target preparation, exposure readout, and writing the results on tape. Exposures can be halted temporarily to change the integration time, wait for clouds, etc. A remote box permits operation of the system from either the data room or on the observing floor.
E. TV ACQUISITION VIEWER The viewer will consist of a single-stage image intensifier coupled to an SEC vidicon. A simplified set of camera electronics drives the SEC. Readout is also in a slow-scan mode, with integration times ranging from 1 to 99 seconds. Controls allow the gain of the intensifier to be varied and a constant offset to be subtracted from the video signal to allow removal of any night sky background.
F. COMPUTER A Fabri-Tek MP12 computer is used to write frames onto a 9-track tape. Each frame is preceded by a header record containing the object name, telescope coordinates, integration time, and other information. Frames can also be read back from tape into the scan converter.
The spectrograph cold box is mounted on a conventional grating spectrograph. A variety of gratings allows a wide selection of dispersions and wavelength intervals; the useful wavelength range is 3200 Á-8000 Á. The size of a pixel on the target is 23 ¡jl square, which corresponds to ~ 2" at the slit. The total slit length is 3'.
The direct-imaging cold box is attached to the telescope with a special adapter. A hinge allows the cold box to swing back for the insertion of filters, a knifeedge for focusing, and an eyepiece for visual acquisition of an object. In this mode the pixel size is 40 ¡jl square, which corresponds to 076. The useful field is -2:5.
III. Operation
During the night several erase frames and "flat fields" are taken to measure the background level of the SIT and pixel-to-pixel variations in sensitivity. These variations are typically 2%-3% rms. Flat fields are created by shining a flood-lamp at a white patch painted on the inside of the dome. Separate flat-field frames are taken for each filter or grating setting used.
To provide calibrated photometric measurements standard stars are observed. For direct imaging these stars are the ordinary standards used for photoelectric photometry. For spectroscopy the primary standards of the Hale 5-m multichannel spectrophotometer are used. When observing these stars the slit is opened, if necessary, to include the entire seeing disk of the star.
With a voltage of 9 kV applied to the photocathode of the SIT, each pixel can store the equivalent of ~ 1000 detected photons. Since the preamp readout noise corresponds to ~ 2 detected photons, essentially all signals are photon-noise limited. For direct imaging the high voltage is lowered to typically 5-7 kV at which level a larger number of detected photons can be stored per pixel, resulting in greater statistical accuracy.
IV. Data Reduction
Reduction of the data is done on a PDP 11/34 computer at Caltech. A graphics terminal and scan converter attached to the computer permit the viewing of data at all stages of reduction.
The reduction of spectra involves dividing each frame by a mean flat field after first subtracting the erase level. All pixels along the slit which contain the object are averaged together. The remaining pixels are treated as sky and subtracted from the object. Corrections for the S-distortion of the SIT are measured from unwidened observations of bright stars. The standard star observations and standard Palomar extinction coefficients are used to convert these values to absolute fluxes. Comparison spectra taken during the night are used for wavelength calibrations. Wavelength shifts of ~ 0.3 pixel are usually seen during the course of a night and appear to be due to mechanical flexures in the spectrograph. The reproducibility of the positions of comparison lines, however, is considerably better than 0.1 pixel. Figure 2 is a typical spectrum produced by the instrument. T Coronae Borealis is an M-type recurrent nova. In this spectrum the TiO bands are quite prominent, as are the Balmer lines in emission. The continuum level is only approximate since the spectrum was obtained with a slit. The resolution is ~ 2 pixels or 14 Â.
While not much spectrophotometry has been done with the SIT, a few checks have been made on its photometricity. From a comparison of measurements of standard stars, it is found that for single-frame observations, the continuum level can be measured to about 4%, with pixel-to-pixel fluctuations being ~ 3% rms. As another check, emission-line intensities were obtained from a number of spectra of the planetary nebula IC2149. These values are listed in Table I , along with a composite spectrum compiled by Kaler (1976) . Comparison of the two sets of data is not strictly proper, since the SIT measurements were made with a slit, whereas some of the measurements included by Kaler were made with an aperture that included the entire nebula. There is also considerable scatter among the latter set of measurements. Nevertheless, the line intensities generally agree to within 15%. Overall, it is estimated that the strengths of the strongest lines can be measured to ~ 5%. The ultimate limit to photometric accuracy appears to be due to uncertainties in 3500 4000 4500 5000 5500 6000 6500 7000 7500 WAVELENGTH Fig. 2 -Spectrum of the recurrent nova T Cor Bor. Exposure time was 100 s at a dispersion of 7.2 Á per pixel. Vertical axis is -2.5 logF" + constant. Methods for reducing the direct-image data are still being developed and will be described in greater detail elsewhere. The available procedures will include erase frame subtraction, flat field division, determination of sky background, measurement of the magnitude of an object within a given aperture, and measurement of surface brightness profiles. Figure 3 is a direct image frame of the unusual cluster V Zw311. A contour plot of this object is shown in Figure 4 . This frame illustrates how photometry of extended objects can be done which would be difficult if done with either a photometer or photographically. Observations of standard stars indicate that the ultimate photometric accuracy for direct imaging is ~ 4%, similar to the results found by Westphal and Kristian (1976) . Deep sky-limited frames require 30-minute exposures and have a useful detection limit of V ~ 23 m .
The SIT system became operational in October 1977, and now accounts for 75% of all observing time on the telescope. Usage is about even between direct imaging and spectroscopy. Users generally require one night of instruction to become proficient in the use of the equipment. The system has proven to be quite reliable and very little time has been lost due to equipment failure.
FIG. 3-Direct image frame of the cluster VZw311. Exposure time was 500 s with a red filter. Seeing was 3'/5. West is at top, north is to the right. The frame has had an erase level subtracted and been divided by a flat field. Note extensive halo of light surrounding the cluster.
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